Table of contents

List of Figures v
List of Tables vii
Acronyms ix
Notation xi
1 Introduction 1
1.1 Background . . .. ... ... ..o 2
1.2 Review of the state of theart . . . . .. ... .. ... ..... 5
1.2.1 Network topology . . . . . ... .. ... ... ... .. 6

1.2.2  Propagation channel models for mmW cell-free massive
MIMO . . . . 7
1.2.3 Design of precoders and power allocation . . .. .. .. 8
1.2.4 References summary of the state of art . . . . . .. . .. 10
1.3 Openproblems . . .. ... ... ... ... .. ..., 10
1.4 Hypothesis and objectives . . . . . . ... ... ... ... 11
1.5 Thesisoutline . . . . . . . .. . .. ... . 12
1.6 List of publications . . . . . . .. ... ... o L. 13
2 Scalability in cell-free massive MIMO 15
2.1 Received power modeling in ultra-dense networks . . . . . . .. 16
2.1.1 Alternative approaches considering the reception gain . 17
2.1.2  Alternatives Comparison . . . . . . . . .. ... ..... 18
2.2 Scalability problem . . . . . . ... o oo 22
2.3 Clustering solutions . . . . . . . . .. .. .. ... .. ..... 24
2.4 Systemmodel . . .. ... 24
2.5 Analysis of the clustering solutions for the UL . . . . . ... .. 26

2.5.1 User-at-center . . . . . . . . . . . . . ... 26



TABLE OF CONTENTS

2.5.2 Disjoint clusters . . . ... ... L oL 27
2.5.3 Comparison of alternatives for UL . . . . ... ... .. 27
2.5.4 Mixed solution for UL . . . ... ... .. ........ 30

2.6 Analysis of the clustering solutions for the downlink . . . . . . 31
2.6.1 User-at-center . . . . . . . ... ... L. 32
2.6.2 Disjoint clusters . . . ... ... L oL 33
2.6.3 Comparison of alternatives for DL . . . . ... ... .. 34

2.7 Conclusions . . . . .. ... Lo 37
3 Power consumption modeling in cell-free massive MIMO 39
3.1 Dedicated front-haul . . . ... ... ... ... ... ... ... 40
3.2 Serial front-haul . . . .. ... 42
3.3 Power consumption model comparison . . . .. ... ... ... 42
3.3.1 Considering conventional APs . . .. ... ... ... .. 43
3.3.2 Considering next-generation APs . . . ... ... ... 44

3.4 Conclusions . . . . . . . . .. 47
4 mmW realistic channel modeling 49
4.1 Propagation phenomena . . . . . .. ... ... L. 50
4.2 Body blockage modeling in mmW . . . ... ... o000 52
4.2.1 Proposals for 3GPP Body Blockage Model Improvement 53
4.2.2  Scenario and Setup for Measurements . . . . ... ... 56
4.2.3 Resultsand Analysis . . . .. ... ... ... ...... 58

4.3 Realistic modeling and simulation. . . . . . ... ... .. ... 62
4.3.1 Scenario modeling . . . . ... ... L oL 62
4.3.2 Channel modeling . . . ... ... ... .. ....... 64

4.4  Sensitivity analysis of the modeling realism . . ... ... ... 66
4.4.1 Presentation of the scenario . . . . . .. ... ... ... 67
4.4.2 Different accuracy levels in the scenario modeling . . . . 67
4.4.3 Analysis and numerical results . . . . . ... ... ... 68

4.5 Conclusions . . . . . ... 70
5 Precoding optimization in realistic scenarios 71
5.1 Precoding optimization in mmW massive MIMO . . . ... .. 72
5.2 Usecase . . . . . . . i e 72
5.3 Precoding design . . . . . .. ... oL 72
5.3.1 Systemmodel . . . . ... ... 73

5.3.2 Optimization problem . . . . ... ... ... .. .... 74

5.3.3 Solution . . . .. ... 75

5.4 Presentation of the scenario . . . . . .. ... ... ... 76

5.5 Results and analysis . . .. .. ... ... ... .. ... 77



TABLE OF CONTENTS

5.6 Conclusions . . . . . . . ... 82

6 Conclusions and future work

6.1 Concluding remarks
6.2 Future research lines

References

iii



